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In its 1991 report, the Great Lakes Water Quality Board reported on progress to adopt a new
role for the Board. This was in response to the 1987 Protocol, which amended the 1978
Great Lakes Water Quality Agreement, and was undertaken in consultation with the Com—
mission. In the report, the Board stated that its new role was “to provide advice on the
broad policy questions and priorities for the cleanup and future protection of the Great
Lakes.” Thus, the Board has changed from its earlier role of program coordinator and
technical reporter on the progress of the Parties in meeting the objectives of the Agreement,
to a more strategic and policy-oriented advisory role that provides a broad perspective on
progress made on current and future priorities facing the Commission. The Board role of
facilitating the binational reporting of water quality monitoring, and of sources and load-
ings of persistent toxic substances to the Great Lakes, was returned to the Parties. The
review and evaluation of Remedial Action Plans have been transferred to the Commission
and its staff. Reports on the state of the lakes and on progress under the Agreement are
now prepared by the Parties on a biennial basis, and will be the subject of a State of the
Lakes Ecosystem conference in 1994.
To become more strategic, the Board sought external advice on emerging Great Lakes
issues. The Board held several workshops to hear presentations and discuss issues such as
threats to human health and injury to fish and wildlife populations from exposures to

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In the United States in 1976, Congress passed the Toxic Substances Control Act to
investigate and control these substances. In Canada, Parliament passed the Environmental
Contaminants Act in 1975, which formed the basis of the Toxic Substances Section of the
1988 Canadian Environment Protection Act.
The Board concludes that, in terms of authority contained in the legislation, the two
federal governments have adequate mandates and authority to implement the policy con-
tained in the Great Lakes Water Quality Agreement concerning the virtual elimination of
discharges of any or all persistent toxic substances through control ofproducts and control
of discharges. The Board, however, recognizes that there are significant barriers to the
eﬂective implementation ofthis authority.
Before the barriers to achieving virtual elimination of persistent toxic substances can be
identiﬁed, the steps in the administrative process must be outlined (Figure 1).
2.4 ADMINISTRATIVE PROCEDURES
The release of certain persistent toxic substances into the Great Lakes has caused injury to
ﬁsh and wildlife resources and probably caused effects on the development of infants of moth-
ers who ate Lake Michigan ﬁsh. Before such causal linkages can be made, extensive research
must be undertaken not only to describe the syndrome andits geographic and temporal inci-
dence and severity, but also to demonstrate experimentally that the suspected causal agent is
speciﬁcally responsible for the syndrome. In addition, plausible routes of entry for the sub-
stance and pathways of exposure of the affected organisms must be documented.
After these investigations have been undertaken, a scientiﬁc case may be prepared on
which regulatory action can be taken. This may include promulgation of a regulation to
prohibit activities involving the substance or, for example, the cancellation of a registration
of a persistent toxic pesticide.
If the regulatory agency accepts the scientific ﬁndings of injury and is satisﬁed about
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 options to overcome the injury. After legal and technological proposals have been pre-
pared, a socio-economic assessment of the proposed action must be developed from which
a decision may be made concerning which legal and technological options to implement.
After the legal instrument has been developed and published and adequate provision
made for appeal by interested parties, it may be promulgated. Through enforcement and com—
pliance activities, the governments attempt to control environmental exposures to the substance
causing the injury. Through environmental monitoring, the long—term trends in the concentra—
tions of the substance and the incidence and severity of the syndrome are documented to
evaluate the effectiveness of the legal action. If the regulatory action is successful, the injury to
fish and wildlife resources and to human health should beeliminated.
2.5 BARRIERS TO ACHIEVING VIRTUAL ELIMINATION
There is a dynamic tension between science, public policy and economics but the workshop
participants felt that one of the most signiﬁcant barriers to implementing the virtual elimination
provisions was the lack of political will. In theabsence of centralized authority, success de—
pends on harmonizing programs in many agencies at different levels of government with a level
of goodwill between individuals and agencies involved. Thus, there is potentially a number of
barriers to the successful control of a substance that has caused injury.
2.5.1 Identiﬁcation of the Injury and the Causal Agents
One of the first barriers is in the identification of the injury. Much of the damage that
occurred in the Great Lakes as long as forty years ago and continues today, has been so
subtle, though biologically significant, that even skilled biologists have had difficulty recog-
nizing injured populations. Not only is funding generally not available for research on
injury, but from a research scientist’s career standpoint this kind of science yields less
predictable results and may detract from potential for advancement. How research is funded
Claw deformities in an eaglet, Upper Peninsula, Michigan, 1993
Much of the damage has
been so subtle, though bio-
logically significant, that




 Bill deformity in an eaglet, Michigan-Ohio border, 1993
Few scientists have the
background or skills to
prepare a scientiﬁc case
relating injury to a causal
chemical agent.
 
and organized thus presents significant barriers to obtaining the evidence and rationale
necessary to implement the virtual elimination policy.
2.5.2 Preparation and Transmission of a Valid Scientiﬁc Case
Historically, government scientists have been rewarded based on “productivity” which is
usually measured by the number of publications in the peer reviewed scientiﬁc literature.






























































































































































































































































































































































































this is a signiﬁcant impediment.
 
10
While the Board endorses the various programs being implemented by the Parties on
pollution prevention, the Board notes the extreme length of time between the past introduc-
tion of a substance into commerce, the documentation of socially unacceptable damage, the
control of the substance, and the ﬁnal remediation and restoration of the injured populations.
The Board recommends that the Parties devise more eﬂicient and effective ways to investigate
injury caused by existing chemicals and be prepared to reallocate funds and human resources,
where required.
The Board recommends to the Commission that the Research Inventory prepared by the Council
of Research Managers be used to evaluate the adequacy of the allocation offunding to investi-
gate actual injury to fish and wildlife resources and to human health caused by exposures to
persistent toxic substances.
The Board recommends that the Parties give consideration to the development and provision of
incentives for scientists to become involved in cause-effect research, promote broader science
assessments in a weight of evidence approach, and make the information widely available to
the scientific community and the public.
2.5.3 Challenges through Litigation and Administrative Process
Once the regulatory community accepts the evidence from the scientiﬁc community of the
causal relationship between the presence of the persistent toxic substance and the conse—
quent injury and proposes regulatory action to remedy the injury, industry may bring a
legal challenge to modify or overturn the proposed action.
The Board recognizes the beneficial role that interventions by industry and environ-
mental advocates can contribute to the assessment of scientific evidence and to discussions
of proposed regulatory actions. Regulatory agencies are encouraged to ensure that a balance
of views prevails and that mechanisms are in place to encourage the input of all stakehold-
ers. Decisions should be based on an objective assessment of scientific evidence, not the
degree of access that various interests have to senior policy ofﬁcials.
2.5.4 Interagency Multimedia Approach
Substances such as PCB, DDT and dieldrin pose special problems for regulatory authorities.
Not only do they enter the various media of the environment through different routes, but
they also move between media when released. Regulatory control of release into the envi-
ronment through one route of entry may result in releases into other media, thereby con—
tinuing the injury. Most agencies are organized on a media-specific basis reﬂecting the
media-speciﬁc legislation they administer, and thus regulatory control of a persistent toxic
substance within a facility tends to be uncoordinated. Similarly, most regulatory controls
are developed on an industry-specific basis while these substances have been used in many


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Board concludes that there is no acceptable assimilative capacity for persistent,
bioaccumulative toxic substances in the Great Lakes Basin Ecosystem and thus the only
appropriate water quality objective that should be included in the Great Lakes Water Qual-
ity Agreement for these substances is zero.
The Board concludes that for persistent toxic substances it is not appropriate to attempt to
set ambient water quality objectives in the environment, exceptwhen such objectives are recog-
nized as interim steps as they are in the Great Lakes Water Quality Agreement. For such
substances it is necessary that the policy of virtual elimination be directly implemented through
elimination from use, the deployment of best available treatment technology and destruction
ﬁ'om all other sources.
The Board recommends that the Parties apply water quality objectives for persistent,
bioaccumulative toxic substances only for the purpose of establishing benchmarks or interim
guidelines or regulations. The Board recommends that the Parties recognize, both directly and
implicitly, that persistent substances which are both highly toxic and bioaccumulative cannot be
tolerated by the Great Lakes Basin Ecosystem and should be virtually eliminated. Before the
end of the next biennial period, the Parties should prepare plans and schedule dates for imple-
mentation of the virtual elimination policy.
2.6 IURISDICTIONAL ROLES AND RESPONSIBILITIES
Persistent toxic substances move between countries and continents through atmospheric,
aquatic and biological processes, so it is essential that prohibitions on activities involving
speciﬁc persistent toxic substances be undertaken on a global level. For example, there is
no prohibition on the manufacture of DDT in the United States for export to other coun-
tries. Use in the recipient country may lead to atmospheric translocation back to the
United States and to the Great Lakes basin. Thus, the virtual elimination policy cannot be
attained without an international treaty to prohibit all activities involving compounds such
as DDT.
The Board recommends that the United States and Canada become advocates for an intema-
tional convention to achieve global action to prohibit the manufacture, export, sale, distribution,
use and release ofDDT, dieldrin, PCB and chlordane.
2.6.1 Product Control
In the United States, in terms of controlling substances likely to present an unreasonable
risk of injury to health or the environment, Congress enacted the Toxic Substances Control
Act(TSCA) in 1976. The Act clearly showed that Congress believed it had a mandate under
the US. Commerce power and intended to assess and control these kinds of risks, although
it tempered this authority with economic considerations. Though TSCA has been used to
prevent the entry into US. commerce of many new substances, the act has not been used to
 14
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of a local nature, which includes most aspects of the management and control of releases of
wastes and toxic substances. The Ontario Water Resources Act and the Environmental
Protection Act both contain provisions to issue orders and certiﬁcates of approval control-
ling operation of facilities and associated discharges. The goal of the Municipal-Industrial
Strategy for Abatement (MISA) program is the virtual elimination of persistent toxic con-
taminants from all discharges to Ontario’s waters.
The Canadian federal government has a series of legislative authorities governing the
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































On November 25, 1991, in its priorities statement for the 1991-93 biennial cycle, the Com-
mission requested the Great Lakes Water Quality Board to prepare a background document
on risk assessment, management and communication and to hold a workshop as part of the
Commission priority on human and ecosystem health. Specifically, the Commission asked
the Board to examine the various ways the Parties and jurisdictions assess risks, how
consistent they are - both between and within agencies and between countries - and how
the Parties communicate their assessments, both to special communities and to the general
public. Responses to such communication could also be examined.
The project was undertaken in consultation with the Science Advisory Board, Council of
Great Lakes Research Managers, the International Air Quality Advisory Board and other experts
through a Risk Assessment Steering Committee. A background paper was prepared by DrDaniel
Krewski of the Department of National Health and Welfare in Ottawa and by DrWilliam
Farland, Director of the Ofﬁce of Health and Environmental Assessment of the US. Environ—
“ mental Protection Agency in Washington, DC. The extended abstracts of the papers given at the
workshop are published separately as “Proceedings of a Workshop on Risk Assessment, Com—
munication and Management in the Great Lakes Basin”. This chapter describes the main ﬁnd—
ings from the workshop presentations and contains the conclusions and recommendations of
the Board.
3.2 NIETHODOLOGY
The paradigm used by the US. EPA for risk assessment was developed by the National
Academy of Sciences and published in 1983. The purpose of the risk assessment and risk
management processes is to compare the risks posed by particular substances or other
agents and to identify and deal first with the worst and most controllable risks. Environ-
mental risk characterization is the process of combining various kinds of information from
the risk assessment process, including hazard identification, dose-response evaluation and
exposure assessment, to describe the likelihood that humans will experience toxicity asso-
ciated with the substance. This information about the likelihood of toxicity can then be
used, together with socio-economic, technological and jurisdictional information on control
options, in the risk management process to formulate regulatory decisions.
This methodology has had widespread application and there has been close consulta-
tion on its development and application between Canada and the United States. The use of
the term “risk assessment” in the US. EPA refers only to the scientific process of hazard
identification and risk characterization. In Canada, it also refers to the process of develop-
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































are a number of commonalities between them.
 The Board recommends that, because information on health and environmental risks may be
available from many different sources, a weight of evidence approach is needed to prepare a
comprehensive evaluation of the available data and assessment of the risks.
The Water Quality Board recommends that the Parties continue to develop an integratedframe-
work to ensure that assessments of risk to human health and environment are compatible.
3.3 APPLICATIONS AND CASE STUDIES
The risk assessment methodology has been applied in relation to epidemiological studies.
For example, epidemiological data have been collected on various cancers in workers in






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































at the right time and provide hormones in the right amounts for particular developmental
processes to occur. Alternatively, if the fetus is exposed to a non persistent but highly toxic
substance during one of these critical periods of differentiation, irreversible damage may
result that may only be expressed later in the life of the organism. Since many chemicals
identified as disrupting the endocrine system are pesticides, a systematic process is needed
to evaluate new pesticides and re-evaluate existingpesticides for these kinds of effects.
A series of scientific issues concerning fetal exposure to chemicals is currently being
researched. For example, more sensitive measurements are being developed to detect neu—
rotoxic and immunotoxic effects and changes in reproductive function. Assay methods are
being developed to screen chemicals and samples for hormonal activity. Quantitative risk
assessment models are being developed to understand the underlying biological processes
of hormone mimics, the mechanism of toxic action and interactions with protective mecha—
nisms of the fetus. Some organisms and subpopulations of humans are particularly highly
exposed because of the food they eat, and these are being identified. Wildlife have proved
to be a useful model of the kinds of effects that can be expected to occur in humans
exposed to environmental chemicals, and efforts are being made to better integrate wildlife
and human health research. The information sciences, with modern computers and con-
cepts such as virtual reality, may hold the key to integrating data derived from toxicology,
human and wildlife epidemiology and analytical chemistry to gain new insights into chemi-
cals that pose a hazard to the developing fetus.
Several participants at the Water Quality Board’scoping workshop described the chal-
lenges of translating science into a regulatory context, and specifically in gaining accep—
tance by the scientific and regulatory communities of the new evidence concerning devel-
opmental and transgenerational health effects. Some participants described how they had
reorganized their research and regulatory organizations to try to come to terms with new
insights derived from the evidence of subtle effects on the developing fetus. This of reorga-
nization was necessitated by the need to find new ways to integrate research on a variety of
biological endpoints and levels of biological organization, not only to respond to mandated
programs and undertake required regulatory action, but also to maintain relevance in a
rapidly changing field of science.
The Board concludes that there is a need for improvement in the integration of research
findings and information on human, fish and Wildlife health effects caused by endocrine
disruptors.
The Board recommends that the Parties undertake improvements in institutional mechanisms,
including: holding multidisciplinary workshops on specific biological effects; publishing inte-
grated research findings in a manner that is comprehensible for regulatory action; establishing
the requisite authority as well as responsibility, if necessary, through legislation and allocation
of suitable resources.
The Water Quality Board recommends that the International [oint Commission hold three to
five workshops during the 1993-95 biennial cycle on the effects of chemicals on embryo develop-
ment. The following subjects might be considered:
1) definition of information needs for regulatory decision making on existing chemicals and the
application to a weight of evidence approach;
 2) the role ofpersistent toxic substances in the demise and recovery failure of Great Lakes lake
trout (possibly undertaken in conjunction with the Great Lakes Fishery Commission);
3) recent advances in embryo neurotoxicity and immunotoxicity;
4) application of new information technology to integrate information on chemicals that came
subtle effects on development of vertebrates; and
5) improvements in knowledge of biological processes and mechanisms of action to predict the
toxicological action of chemicals.
The Great Lakes Water Quality Board recommends that the Parties include the factor of the
ability of substances to disrupt endocrine systems, particularly for embryos, in the evaluation of









































































































































































































































































































































































































































































































































































































































































































































and the Water Quality Board.
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Applied Pollution Prevention Principles
The Parties have major programs on pollution prevention in relation to chemicals new to
commerce and to existing chemicals. The Board proposes to the Commission that it under-
take a review of the ways in which pollution prevention is being applied by the Parties and
their effectiveness in eliminating persistent toxic substances.
Medium Priority
Integrated Approaches to Watersheds and Shoreline Management
This priority, which was identified by the Board as a second tier priority issue in its
document on “A Shared Policy Vision for the Great Lakes,” is to further define and inte-
grate an ecosystem approach to the basin between and within jurisdictions. A letter has
been sent to the Science Advisory Board to determine whether there is interest in such a
joint project.
Groundwater
Commission staff has prepared a broadly based review of various aspects of groundwater as
it relates to Great Lakes water quality. The Board proposes to restrict its work to advising
the Commission on the significance of groundwater as a source of persistent toxic sub-
stances to the Great Lakes. The proposal would be to hold a workshop early in 1994.
Connecting Channels
The Commission, in its priorities statement dated November 25, 1991, referred to the diffi-
culties and delays experienced in the development of Remedial Action Plans for the con-
necting channels. The Commission asked the Water Quality Board to support the RAP
Steering Committee, which has lead responsibility for this priority. The Commission may




The deposition of persistent toxic substances from the atmosphere is a particularly signifi-
cant contribution to the overall loading to some of the lakes. Much of this loading results
from long-range atmospheric transport. The Board proposes that the Commission under-
take a study of the control of atmospheric releases of persistent toxic substances, particu-
larly from outside theGreat Lakes basin. This study might be undertaken in association
with the International Air Quality Advisory Board.
 Conclusions
Chapter 2 Legislative and Regulatory Considerations for Virtual Elimination
of Persistent Toxic Substances
1. The Board concludes that, in terms of authority contained in the legislation, the two federal govern-
ments have adequate mandates and authority to implement the policy contained in the Great Lakes
Water Quality Agreement concerning the virtual elimination of discharges of any or all persistent toxic
substances through control of products and control of discharges. The Board, however, recognizes that
there are significant barriers to the effective implementation of this authority.
2. The Board concludes that there is enough evidence to suggest that the risks to humans are high and
that there is a real probability of the effects being important.
3. The Board concludes that the injury caused by certain persistent toxic substances has been so exten-






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































International Joint Commission be explored in collaboration with specialists in communication.
Scientiﬁc Challenges for Regulatory Decision Making
17.
18.
The Board recommends that the Parties undertake improvements in institutional mechanisms, includ-
ing: holding multidisciplinary workshops on speciﬁc biological effects; publishing integrated research
findings in a manner that is comprehensible for regulatory action; establishing the requisite authority
as well as responsibility, if necessary, through legislation and allocation of suitable resources.
The Water Quality Board recommends that the International Joint Commission hold three to five work-
shops during the 1993-95 biennial cycle on the effects of chemicals on embryo development. The
following subjects might be considered:
1) deﬁnition of information needs for regulatory decision making on existing chemicals and the
application to a weight of evidence approach;
2) the role of persistent toxic substances in the demise and recovery failure of Great Lakes lake trout
(possibly undertaken in conjunction with the Great Lakes Fishery Commission];
3) recent advances in embryo neurotoxicity and immunotoxicity;
19.
 
4) application of new information technology to integrate information on chemicals that cause subtle
effects on development of vertebrates; and
5) improvements in knowledge of biological processes and mechanisms of action to predict the toxi-
cological action of chemicals.
The Great Lakes Water Quality Board recommends that the Parties include the factor of the ability of
substances to disrupt endocrine systems, particularly for embryos, in the evaluation of new pesticides
and re-evaluation of existing pesticides.
33
 
